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INTRODUCTION
The epididymis is a multifunctional male accessory organ of the testicular excurrent duct system.
As a highly convoluted tubule, the epididymis is anatomically and physiologically divided into four major regions; the initial segment, caput, corpus and cauda based on the distribution of four 55 major cell types (Orgebin-Crist, 1969; Jervis and Robaire, 2001 ). The structural and functional architecture of the epididymis is demarcated by the expression of a constellation of specific proteins (Berube et al, 1996) and regionalized gene expression pattern (Xu et al., 1997) . The epididymis provides a continuously changing unique luminal microenvironment conducive for the transport, maturation and the storage of mature spermatozoa (Robaire and Hermo, 1988 ).
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Sperm maturation and storage entail exposure and interaction of spermatozoa with luminal fluid proteins of the epididymis. It involves either tight binding or surface attachment of epididymal proteins to the sperm surface (Cornwall and Hann, 1995) . Since sperm maturation has been illustrated as an orchestrated sequence of multiple protein interactions with respect to region specific gene expression (Brooks, 1987) , it is of utmost importance to study the secretions and 65 fate of proteins along the length of the epididymis. This is also of relevance to the identification of novel targets for male contraception and fertility.
Several studies have earlier demonstrated that many of the individual processes that contribute to the creation of an optimal microenvironment within the epididymis are regulated by circulating and luminal androgens and to some extent by other testicular factors that originate from the testis 70 itself including: basic fibroblast growth factor, androgen-binding protein, retinoids, growth factors etc., (Ezer and Robaire, 2002; . The androgen regulated regionalized gene expression is complex in the epididymis and have been discussed in a recent review (OrgebinCrist, 1996) . Segment-specific down-regulation of gene expression following withdrawal of androgens or the testicular factors is a hallmark characteristic of the epididymis (Cornwall et al., 75 2001 ). Androgens such as testosterone and 5α-reduced testosterone, dihydrotestosterone (DHT) 6 exert their effects by binding and subsequently activating the androgen receptor (AR) protein with the help of a carrier molecule, androgen binding protein (ABP). It is less clear whether the metabolites of T, namely, estradiol formed by the action of aromatase or the major metabolites of DHT, androstan-3α, 3α-diol, and 17β-diol also have any significant role to play in epididymal 80 differentiation or maturation. DHT, the most abundant and active form of androgen in the epididymis (Hinton et al., 1998) , produced by the reducing action of 5α-reductase enzyme is indispensable for forward progressive and vibrant motility, capacitation (Holland et al., 1992) , sperm egg interaction (Lakoski et al., 1988) , zona pellucida (ZP) binding and penetration (Boue et al., 1994) , vitellous fusion and penetration (Saling, 1982) and fertilizing ability (Amann et al., 85 1993) of the spermatozoa. The functional role of androgens in the synthesis and secretions of several epididymal proteins such as CD52 (Kirchhoff et al., 2000) and transcription factors such as the ETS-like factor; PEA3 (Brooks, 1987) and RHOX5 (previously known as PEM hox protein) (Lindsay and Wilkinson, 1996) have been widely demonstrated earlier using the castrated rat model and DHT supplementation studies (Gould and Young, 1990 ; Jones et al.,
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1980; Holland and Orgebin-Crist, 1988; Ghyselinck et al., 1989) . Further, the withdrawal of androgen by castration or by chemical suppression leads to involution of epididymal epithelium, gene down-regulation and the resultant arrest of sperm maturation. It has been suggested that incomplete sperm maturation is responsible for total failure of sperm binding to the ZP in unsuccessful IVF treatment in humans (Bedford and Kim, 1993) . In fact, a high percentage of 95 male infertility in humans is believed to be originated from malfunction of the epididymis (Lundae et al., 1990 ).
We have previously demonstrated the presence of HOXBES2 -a HOXB2 homeodomain containing epididymis specific sperm homeoprotein in the cytoplasm of the principal epithelial cells in a region specific manner showing maximal expression in the distal segments of the rat 100 epididymis (Prabagaran et al., 2007) . Indirect immunofluorescence localized the protein to the 7 acrosome, midpiece and equatorial segment of rat caudal and ejaculated human and monkey spermatozoa, respectively. The aim of the present study was first to determine whether androgens and testicular factors are required to maintain the regional expression patterns of HOXBES2 protein in the adult rat epididymis and secondly to study how changes in HOXBES2 expression 105 correlate with specific morphological and biochemical changes that have been reported during the development of the epididymis.
MATERIALS AND METHODS

Animals and Organ Sampling
For the studies described, 5 to 200-days-old male rats of the Holtzmann strain weighing ~ 10 -110 450g were used as the animal model. The rats were housed under conditions of 12L: 12D with access to rat chow and water ad libitum. All experimental procedures were conducted in accordance with the guidelines of the NIRRH's Animal Ethics Committee for the use and care of animals for biomedical research.
Tissue samples
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Experimental rats (Rattus norvegicus) were anesthetized with ether, and the tissues were dissected out (testis, prostate, seminal vesicle and epididymis). The epididymis was divided into initial segment, proximal and distal caput, proximal and distal corpus and proximal and distal cauda (Robaire and Viger, 1995) and processed under sterile conditions for immunohistochemistry, Western blot analysis and for reverse transcriptase-polymerase chain 120 reaction (RT-PCR).
Castration and DHT supplementation
Three months old adult male rats weighing ~300 g were divided into 4 groups of 6 animals each (n = 6). Group I: sham operated (control); the testis and epididymis were manipulated similar to castration except the excision of testis. Group II: bilaterally castrated; following exposure of the 125 8 scrotal contents, the testicular vascular supply was ligated without compromising epididymal blood supply and the testis separated from the epididymis and associated fat pad and then excised.
The epididymis and fat pad were returned, caput first, into the tunica vaginalis and the incision sutured. Group III: sham operated and vehicle treated control received 100 µl of sesame-seed oil daily post sham operation for two weeks subcutaneously. Group IV: bilaterally castrated and 130 received a supplementation of 250 µg DHT / kg body weight in sesame oil for 7 days in a delayed T depletion regimen that began on day 7 postcastration. Groups I and II were sacrificed on day 7 post operation. Groups III and IV were sacrificed on day 15. Blood was collected from all the groups. From Groups I and II, blood was collected on day 0 & 7 before sacrifice and day 7 and 14 following castration from Groups III and IV. Serum testosterone levels were measured in blood 135 samples collected prior to castration or sham operation. The serum samples were stored at -20 0 C until assayed for circulatory levels of testosterone determined by RIA as described earlier (Gupta et al 1975; Corker and Davidson, 1978) . At the time of sacrifice, epididymis, ventral prostrate and seminal vesicles were removed, trimmed from associated fat and connective tissues and weighed.
The epididymis was dissected into initial segment, proximal and distal caput, proximal and distal 140 corpus and proximal and distal cauda (Teerds et al., 1988) fixed in Bouin's fixative and subsequently processed for histology and immunohistochemical analysis.
Chemical castration and hormone supplementation
To study the androgen dependent expression of HOXBES2 protein in the epididymis, 3 month old male rats were administered with a single dose of the leydig cell specific toxicant; ethylene 145 dimethane sulfonate (EDS) reported to cause transient infertility. A single dose of EDS was sufficient to destroy mature leydig cell population and to ensure no new leydig cells were formed during the first 10 days of treatment (Girotti et al., 1992) . The rats were divided into 7 groups of 5 animals each (n = 5) (Groups I -VII Blood samples were collected on days 0, 5 and 10 from the controls (Groups I -III), EDS treated (Group IV) and the hormone supplemented groups (Groups V -VII) to measure the circulating levels of testosterone. Serum testosterone levels obtained from untreated control animals or prior to treatment were considered as basal T levels. The control and experimental groups were 160 sacrificed on day 10 and testis, epididymis and prostate removed and processed for immunohistochemistry and Western blot analysis.
Unilateral efferent duct ligation
To determine whether factor(s) of testicular origin are required for the regionalized expression of HOXBES2 protein in the epididymis, unilateral efferent duct ligation (EDL) studies were 165 performed on 3 months old male rats. Efferent ductules of the right testis were ligated at their junction with the extra-testicular rete testis without compromising the testicular or epididymal blood supply . As a control, the left testis was manipulated similarly as the right testes, but the efferent ductules were not ligated. Each testis was returned into its tunica vaginalis and the incision was sutured. The rats were sacrificed on day 10 and 15 post ligation.
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The duration of the experiment was scheduled to simulate the time scale previously followed for EDS treatment and castration studies, respectively. Five rats per time point of EDL treatment were used in this study (n = 5). Ligated and control epididymis were dissected out and processed for immunohistochemistry and Western blot analysis.
Developmental study
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To determine the influence of testosterone, if any, on the inter-relationship between the expression pattern of HOXBES2 protein and the postnatal development of the rat epididymis, normally developing pups were included for the study. The number of animals used at each postnatal age was optimized to obtain sufficient tissue for RNA isolation, 
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In addition, postnatal days 20 and 40 reflect the period before and after the rise in serum androgens and on day 42, specific 5α-reductase enzyme activity is at its peak. Postnatal days 49 and 56 are marked by the first appearance of spermatozoa in the caput and cauda epididymis, respectively. By day 77, specific 5α-reductase enzyme activity declines rapidly. Finally, postnatal days 90 -200 were used to represent the adult animal (Viger and Robaire, 1992) .
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RNA extraction
Total RNA was extracted from immature (15 days) and mature (60 days) epididymal tissues using the single-step acid guanidium thiocyanate-phenol-chloroform extraction method as described 
Immunohistochemistry
The immunohistochemical analysis of HOXBES2 protein in the epididymis followed by image analysis of immunoreactivity was performed based on the protocols published earlier from our 215 laboratory (Prabagaran et al., 2007) . In brief, the epididymal tissue sections were immunostained with a goat polyclonal HOXB2 antibody diluted 1:25 in blocking buffer, for 1 h at room temperature. Controls were incubated with non-immune goat serum at dilution similar to that used for the primary antibody. All other protocols were followed according to the manufacturer's instructions (Santa Cruz-Biotech, USA). Finally, the sections were dehydrated through an alcohol 220 gradation (10-100 %), cleaned in xylene, mounted in DPX Permount and observed under the microscope (Leitz, Germany). The immunoreactivity to the HOXB2 antibody was analyzed using the Biovis Image Plus software (REV 2.0 Expert Vision Lab, India) based on the intensity of color reaction observed in the epididymal tissue sections.
SDS-PAGE and Western blots
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To determine the expression pattern of HOXBES2 protein in the epididymis of control and experimental rats, the epididymal segments were dissected, minced and incubated in 10 ml of 0.1 
RESULTS
Effect of castration on HOXBES2 expression
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In the castrated animals, as seen in Fig. 1A , a significant decrease in the luminal diameter of the epididymis was observed. This effect was more pronounced in the initial segment, caput, corpus followed by cauda epididymis. HOXBES2 levels in the epididymis also decreased to approximately ≥ 90 % of that observed in the sham operated animals and further declined to 5 % (Fig. 1B) . The specificity of the immunoreaction was confirmed by immunolocalizing the sham operated and castrated epididymal tissue sections independently using normal goat serum at a dilution similar to the primary antibody or with secondary antibody alone.
HOXBES2 expression in the EDS treated and supplemented rats
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In the EDS treated epididymis, HOXBES2 expression decreased drastically to almost undetectable levels as compared to that seen in the vehicle treated controls as visualized immunohistochemically ( Fig. 2A) . The expression of the protein was restored following supplementation with DHT alone and / or DHT + estradiol combined. In the DHT + estradiol supplemented group, HOXBES2 expression was comparatively higher than that observed in the 265 DHT alone group. In the EDS treated and estradiol alone administered rats, presence of nodules and complete absence of HOXBES2 expression were observed in the epididymis (Fig. 2B ).
Western blot analysis of HOXBES2 expression in the control, EDS treated and the supplemented rats further corroborated the findings obtained by immunohistochemistry (Fig. 2C) . The quantitative analysis of the microscopic observations on protein localization was enabled using 270 the Biovis Image plus software. The histogram derived based on the protein localization reiterated the findings of immunohistochemistry (Fig. 2D ). Circulating levels of T were assayed by RIA on day 0, 5 and 10 following EDS treatment and the concentrations were measured in ng / ml and expressed as mean ± S.E.M. from five animals (n = 5) (Fig. 2E) . A significant decrease in T 14 levels was observed in the EDS treated and EDS + E2 injected rats when compared with the 275 vehicle alone treated animals.
Influence of testicular factors on HOXBES2 expression
At 1-15 days following unilateral efferent duct ligation, HOXBES2 levels in the ligated and unligated epididymis were almost identical to each other and to those in the sham-operated rats.
This was made evident both by Western blot analysis and immunohistochemistry, indicating that 280 in 15 days postligated epididymis, expression of HOXBES2 protein was not dependent on the presence of testicular factors other than testosterone ( Fig. 3A and 3B ).
Postnatal expression of HOXBES2 in the epididymis
Developmental changes in the levels of immunoreactive Although the epithelial cells were stained at 200 days of age, most of the immunoreactivity was 295 localized in the lumen (Fig. 4A ).
In the epididymal tissue sections immunoreacted with normal goat serum or secondary antibody alone (negative control), complete absence of immunoreactivity in the epithelium, the intertubular space and on the spermatozoa were noted. In tissues treated with anti-HOXB2 antibody, HOXBES2 localization was observed in the apical region of the principal epithelial cells. The 300 spread of staining from the apical region on day 50 to the entire cytoplasm from 55 days onward was demonstrated by image analysis (Fig. 4B ). The differences in the localization of HOXBES2 protein in the epididymis of different age groups were comprehensively complemented by
Western blot analysis (Fig. 4C) . Equal loading of the protein samples in all the lanes was confirmed by stripping and reprobing the blot using a monoclonal antibody to β-actin as an 305 internal control. Comparison of the developmental profile of androgen receptors (AR) and HOXBES2 expression by Western blot analysis indicated that AR was present at all stages of the epididymal development with a slight elevation in the later stages of development (Fig. 4D) .
RT-PCR analysis of Hoxbes2 in rat epididymis
To Altogether, the ablation of HOXBES2 expression within one week following castration and its reestablishment by DHT supplementation in caput, corpus followed by cauda epididymis indicated that the expression of the protein is under the control of circulating androgens.
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The EDS treated rat model (Jackson, 1973) 
